Contrast dependence of motion-onset and pattern-reversal evoked potentials  by Kubová, Zuzana et al.
Pergamon 
0042-6989(94)00138-3 
Vision Res. Vol. 35, No. 2, pp. 197 205, 1995 
Copyright © 1995 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 
0042-6989/95 $7.00 + 0.00 
Contrast Dependence of Motion-onset and 
Pattern-reversal Evoked Potentials 
ZUZANA KUBOVA,* t MIROSLAV KUBA,* HENK SPEKREIJSE',:~ COLIN BLAKEMORE§ 
Received 16 July 1993; in revised form 17 December 1993 
This study deals with the effect of stimulus contrast, between 1.3% and 96%, on the visual evoked 
potentials (VEPs) for onset of motion and for pattern reversal of checkerboard stimuli. The VEPs 
for pattern reversal and for the onset of motion both contain an initial positive peak (PI; peak latency 
about 120 msec) followed by a later negative peak (N2; peak latency 160-200 msec). However the P, 
peak dominates the pattern-reversal VEP when recorded from the midline occipital lead, where it is 
maximal, while the Nz peak is larger in the motion-onset VEP, especially when recorded from unipolar 
lateral occipital leads. Whereas the amplitude of the P, peak in both the pattern-reversal VEP and 
the motion-onset VEP decreases with decreasing contrast (becoming undetectable at a contrast of 
about 2% for the motion-onset VEP), the amplitude of the N 2 peak in both types of VEP does not 
vary significantly with contrast, above a contrast of 1.3%. The increase in peak latency with decreasing 
contrast is also more pronounced for the positive than the negative peaks of both types of VEP. Taking 
into account he high contrast sensitivity of the magnocellular system (thought o be involved in the 
processing of motion) compared with the parvocellular system (probably more concerned with the 
processing of form), our findings suggest that for both motion-onset and pattern-reversal VEPs 
the negative peak is attributable to the motion-processing magnocellular pathway and the positive peak 
to the form-processing parvocellular system. 
Contrast Visual evoked potentials Human Motion onset Pattern reversal Magnocellular Parvo- 
cellular Motion pathway 
INTRODUCTION 
Since Halliday, McDonald and Mushin (1972) intro- 
duced the pattern-reversal visual evoked potential (VEP) 
for clinical use, this type of VEP, with its simple 
shape and low intra- and inter-individual variability 
in latency, has become commonly employed in neuro- 
ophthalmological diagnostic practice. However, the 
nature of visual processing associated with this VEP has 
not been clarified satisfactorily. 
Although Est6vez and Spekreijse (1974) and Kriss 
and Halliday (1980) showed a strong resemblance 
between VEPs for pattern reversal and pattern offset, the 
attempts to describe the reversal VEP solely in terms of 
responses to pattern-on/off were not fully successful. 
An alternative hypothesis was proposed by Kulikowski 
(1977, 1978), who showed that for coarse patterns the 
reversal VEP can be attributed to movement processing, 
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while both pattern- and movement-processing systems 
contribute to the reversal VEP for stimuli with spatial 
frequencies higher than 3c/deg. Finally, Spekreijse, 
Dagnelie, Maier and Regan (1985) showed that the 
pattern-reversal VEP can be described as the sum of 
the responses to motion onset and motion offset. 
However, that study and all further ones from the 
Amsterdam group (e.g. Dagnelie, 1986; Dagnelie, De 
Vries, Maier & Spekreijse, 1986; De Vries, Van Dijk & 
Spekreijse, 1989) have considered responses to the onset 
of motion that are dominated by a single positive peak 
(P0 at a latency of about 120 msec. 
This waveform differs grossly from the motion-onset 
VEP reported, for instance, by Yokoyama, Matsunaga, 
Yonekura and Shinzato (1979), Gallichio and Andreassi 
(1982), G6pfert, Mfiller, Markwardt and Schlykowa 
(1983), Manning, Finlay and Fenelon (1988), Kubovfi, 
Kuba, Hubficek and Vit (1990) and Kuba and Kubov~ 
(1992). These groups described motion-onset VEPs 
consisting of a positive-negative-positive complex, 
with the negative (N2) peak, at a latency of about 
160-200 msec, the most prominent. It is not yet clear 
whether the positive peak reported by the Amsterdam 
group, or the negative one seen by the other laboratories, 
(or maybe both), reflects the activity of the motion- 
processing pathway through the cortex. 
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It is known that, in primates, neurons of the parvo- 
cellular (P) and magnocellular (M) layers of the lateral 
geniculate nucleus (LGN), and the so-called P and 
M retinal ganglion cells that provide input to them, 
differ substantially in several respects (see e.g. Lennie, 
Trevarthen, Van Essen & W/issle, 1990). In particular, 
M cells are consistently more sensitive to contrast han 
P cells, at the retinal level (Kaplan & Shapley, 1986; 
Purpura, Kaplan & Shapley, 1988) and in the LGN 
(Kaplan & Shapley, 1982; Derrington & Lennie, 1984); 
so too are neurons in the magnocellular recipient layers 
of the striate cortex (Hawken & Parker, 1984; Blasdel 
& Fitzpatrick, 1984; Hubel & Livingstone, 1990) and 
beyond (Tootell, Hamilton & Switkes, 1988; Hubel & 
Livingstone, 1990; Sclar, Maunsell & Lennie, 1990). 
Although the differential effects of selective lesions of 
the magnocellular o  parvocellular layers of the LGN on 
behavioural capacity are less clear-cut han one might 
have expected, magnocellular lesions certainly reduce 
behavioural contrast sensitivity at high temporal fre- 
quencies and lower spatial frequencies and consequently 
impair the detection and discrimination of motion (see 
Merigen, Byrne & Maunsell, 1991; Schiller, Logothetis 
& Charles, 1990). 
Although there is undoubtedly some mixing of M 
and P projections in the visual areas of the monkey 
cortex (see Merigan & Maunsell, 1993), the P system 
feeds predominantly through layer 4Cfl and sub- 
compartments of the striate cortex and V2, into the 
ventral pathway through the extrastriate cortex, 
while the M system contributes, via layer 4Cc~ and 4b 
of the striate cortex and different sub-compartments of 
V2, mainly to the dorsal extrastriate stream (see Unger- 
leider & Mishkin, 1982; Van Essen & Maunsell, 1983; 
Maunsell & Newsome, 1987; Movshon, 1990; Young, 
1992). 
The ventral pathway seems more suited for chromatic 
analysis and the detection of form (e.g. Schiller et al., 
1990; Lennie et al., 1990; Zeki, 1990), while the dorsal 
stream appears more concerned with the analysis of 
movement. In particular, neurons of the middle tem- 
poral area (MT or V5), which has little P input (see 
Merigan & Maunsell, 1993), seem highly specialized 
for the detection of image motion (see Maunsell & 
Newsome, 1987; Movshon, 1990). Damage to area MT 
in monkeys selectively reduces behavioural sensitivity 
for direction of motion over a wide range of temporal 
and spatial frequencies (Newsome & Par6, 1988), and a 
similar deficit in motion perception has been described 
for a human subject with circumscribed extrastriate 
damage (Baker, Hess & Zihl, 1991). 
This all suggests that there is a specific motion system 
in the extrastriate visual cortex, dominated by input 
from the M pathway, with its high sensitivity to contrast 
especially at lower spatial frequencies. These obser- 
vations are consistent with psychophysical evidence that 
performance in the discrimination of the direction and 
speed of motion improves only slightly as contrast is 
raised above threshold (Nakayama & Silverman, 1985; 
McKee, Silvermann & Nakayama, 1986). Furthermore, 
Boulton and Hess (1990) reported actual enhancement 
of movement detection for low-contrast compared with 
high-contrast stimuli. 
It occurred to us that the higher contrast sensitivity 
of M cells might serve as a signature for the motion 
system. By studying the influence of contrast on the 
components of motion-onset and pattern-reversal VEPs 
we hoped to be able to provide evidence to attribute 
them to neural mechanisms involved in the processing 
of pattern or movement. 
METHODS 
All VEP recordings were made in a sound-attenuated 
and electromagnetically shielded room with a back- 
ground luminance of 1 cd/m 2. The subject was seated in 
a dental chair with neck support to reduce head move- 
ment. A dark fixation point of 15 min diameter was 
placed in the centre of the stimulus field and the subjects 
were instructed not to following the moving or reversing 
pattern with their eyes. (Ocular stability was verified 
by occasional electro-oculographic recording.) Fifteen 
adult subjects with normal visual acuity (at least 6/6) 
participated in the experiments. 
The stimuli were black and white checkerboard pat- 
terns with an element size of 30 min. The mean lumi- 
nance of the pattern was 12 cd/m 2, and contrast was 
varied from 1.3% to 96% [percentage contrast is defined 
as (Lma x -- Lmin)/(Lma x + Lmin) x 100, where Lra,x and Lmi n 
are the maximum and minimum luminances in the 
pattern]. The stimuli were back-projected by means of 
a moving mirror (optical scanner made by General 
Scanning Inc., U.S.A.) on to a circular screen with a 
diameter of 35 deg. 
For the detection of motion-onset VEPs the pattern 
moved horizontally with a velocity of 6deg/sec (or 
16 deg/sec in one experiment) for a duration of 200 msec, 
with an interstimulus interval (pattern stationary) of 
1 sec. For pattern-reversal VEPs, a reversal rate of 1 Hz 
(2 reversals/sec) was used and the amplitude of stimulus 
displacement was carefully adjusted to be equal to one 
check width. The nominal square-wave displacement 
was completed in 2 msec and the whole checkerboard 
array appeared either to flicker or to undergo stepwise 
displacement in any one of the four principal directions, 
just as for pattern reversal generated with television 
techniques. For one experiment (illustrated in Fig. 5) 
pattern-offset VEPs were measured by synchronizing 
averaging to the offset of a similar checkerboard pattern, 
generated on a television display, using a temporal 
frequency of 1 Hz (500 msec on/500 msec off). 
Binocular VEPs were recorded from the bipolar 
lead Oz--Cz and from three unipolar leads with the 
electrodes placed at Oz and 5 cm to the right and left, 
with linked earlobes as reference. After amplification 
(Tektronix AM 502) in the 0.1 100Hz band, 100 
responses of 400 msec duration were averaged on a PC 
AT computer with a sampling rate of 2 msec. 
All amplitudes were determined from signals in the 
lead where the peaks were maximal, which was the 
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midline lead for the positive peaks and one of the 
lateral ones for the negative peaks (see Fig. 7). Thus the 
positive peaks in both types of VEPs may well have a 
striate origin, and the negative ones probably arise from 
more lateral extrastriate cortex (see Discussion). All 
amplitudes were measured with respect o the baseline 
(i.e. the mean voltage value over the first 30 msec after 
the onset of averaging). 
RESULTS 
Figure 1 shows typical examples of the negative- 
positive-negative (NPN) complex in the pattern-reversal 
VEP and the positive-negative-positive (PNP) complex 
in the motion-onset VEP. For the motion-onset VEP we 
evaluated the first positive and the most prominent 
negative peak (denoted P, and N2); in the pattern- 
reversal VEP the main positive peak and the subsequent 
negative peak (also indicated as Pl and N2) were con- 
sidered. In responses to pattern reversal the first negative 
peak (N,) was ignored since it was never large and could 
not be always resolved even at the highest contrast. 
Motion-onset responses 
Figure 2 illustrates motion-onset VEPs from three 
different subjects over the full range of contrast ested 
(1.3-96%). Signals from different recording leads are 
shown for the three subjects, as indicated in the figure. 
Whereas the amplitude of the major negative N 2 peak 
changes little with contrast, the first positive P~ peak, 
Pat tern  - reversat  
p. 
N. 
N2 
O z -C  z 
Mot ion  - onset  
P2 
÷ 
N 2 100ms 
O R - A I÷ 2 
FIGURE 1. Typical examples of a pattern-reversal VEP (with its main 
positive peak, P1) and a motion-onset VEP (with its dominant negative 
peak, N2) taken from a normal subject during a single recording 
session. The recording leads, which are indicated, are those that gave 
the largest dominant components in each case. 
if present [usually most distinct in the midline lead: 
see Fig. 2(C)], decreases consistently with reduction of 
contrast and becomes unresolvable at about 2.3% con- 
trast. The N 2 peak appears to broaden as contrast is 
decreased, presumably because the diminution of the P~ 
peak unmasks the early part of the N 2 waveform. 
The different contrast dependence of the P~ and 
N 2 peaks in the motion-onset VEP is clearly seen in 
Figs 3(A) and 4(A), where the mean latencies and 
amplitudes of both peaks are plotted as a function of 
contrast for all 15 subjects studied. Whereas the Pl 
peak latency increases progressively with reduction of 
contrast, the latency of the negative N2 peak remains 
fairly constant until 9% contrast and only then increases 
for still lower contrasts [Fig. 3(A)]. The amplitudes of the 
peaks also behave very differently as contrast is varied 
[Fig. 4(A)]. While the amplitude of the P~ peak in 
motion-onset VEPs decreases progressively with re- 
duction of contrast, becoming undetectable at 2.3% 
contrast, that of the N 2 peak remains practically 
unchanged. Only at 1.3% there is a small, just signifi- 
cant (P < 0.05) decrease in the amplitude of the N2 
peak. 
The data shown in Fig. 2 and those plotted for all 15 
subjects in Figs 3(A) and 4(A) were obtained with a 
relatively low velocity of movement (6 deg/sec), which 
was chosen deliberately to reduce blurring of the pattern 
at the start of motion (Kuba & Kubov/~, 1992). Under 
these conditions, the first positive peak in the motion- 
onset response has smaller amplitude (and longer 
latency) than the equivalent component in the pattern- 
reversal VEP for the same contrast. 
For higher-velocity motion (16deg/sec), in which 
blur is more evident, the P~ component in the motion- 
onset VEP becomes much more distinct. Figure 5 com- 
pares VEPs for offset of the checkerboard pattern (see 
Methods) and those for the onset of higher-velocity 
motion, at different contrasts. Under these conditions, 
the initial positive component of the motion-onset VEP 
is indistinguishable from the dominant positivity of the 
pattern-offset VEP, not only in its shape and peak 
latency, but also in its dependence on contrast. 
Pattern-reversal VEPs 
Figure 6 shows pattern-reversal VEPs from three 
different subjects for all contrast levels used. The main 
positive peak gradually decreases in amplitude with 
reduction of contrast and could be detected in only nine 
of our 15 subjects at the lowest contrast of 1.3%. 
Mean data for the latency and amplitude of the P~ and 
N2 components in the pattern-reversal VEPs are plotted 
in Figs 3(B) and 4(B) respectively. The steep reduction 
of the amplitude of the P~ peak [significant for all 
contrast steps below 64%; see Fig. 4(B)] and the gradual 
increase of its latency [Fig. 3(B)], are totally different 
from the behaviour of the negative peak N2, which 
shows little contrast dependence. The latency of the N 2 
peak does not increase significantly until contrast drops 
below 4.2% [Fig. 3(B)] and its amplitude is essentially 
constant over the contrast range tested [Fig. 4(B)]. Even 
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F IGURE 2. Motion-onset VEPs, over the contrast range tested, for three subjects, one for each column. Whereas the N 2 
negative peak [most distinct in the O R or O L leads; (A) and (B)] remains rather constant in amplitude over the full range of 
contrasts used, the positive peak [most distinct at maximum contrast in the midline lead; (C)] decreases with reduction of 
contrast and gradually disappears completely. Peak latencies (in msec) are indicated on the principal peaks. Note that, as the 
P~ peak shrinks with reduced contrast, the N 2 component broadens. 
the slight fall in amplitude at 1.3%, the lowest contrast 
employed, did not reach statistical significance. 
The components of pattern-reversal and motion-onset 
VEPs vary in relative amplitude in different recording 
leads. The dominant positivity in pattern-reversal VEPs 
is always largest through the midline lead but the 
N 2 peak was usually greater in amplitude through the 
lateral occipital ead, where the main negative peak of 
the motion-onset VEP was also largest. Indeed, in this 
lateral ead, pattern-reversal and motion-onset VEPs are 
rather similar in appearance (Fig. 7), consisting of a 
small, contrast-dependent Pt peak and a large, contrast- 
independent N2 peak. 
DISCUSSION 
Our results show that the amplitude of both the 
main negative peak of the motion-onset VEP and the 
N2 negativity in the pattern-reversal VEP are relatively 
independent of contrast; they do not even start to 
decrease until contrast is reduced to 1.3%. It is worth 
noting that the moving patterns were still clearly visible 
at this lowest contrast, and the direction of movement 
could easily be discriminated. 
These results, together with the related findings of 
Mtiller and G6pfert (1988), are consistent with the N2 
peak arising from neurons with high contrast sensitivity, 
probably with input from the magnocellular pathway (at 
least for low spatial frequencies). By comparison with P 
cells, M cells at all levels tend to have larger receptive 
fields, to respond more transiently, to have higher con- 
trast sensitivity, and to saturate at lower contrast 
(Kaplan & Shapley, 1982, 1986; Derrington & Lennie, 
1984; Hawken & Parker, 1984; Tootell et al., 1988; 
Hubel & Livingstone, 1990). These properties make 
M cells well equipped to detect motion, but not to 
resolve detail at high spatial frequencies (Lennie et al., 
1990). 
This is all in good agreement with much other 
evidence that the negative motion VEP and the positive 
pattern VEP arise from different neural systems. First, 
pattern-related VEPs are generated mainly by foveal 
stimulation (Blumhardt, Barrett, Halliday & Kriss, 
1989), whereas the negative motion-onset peak can be 
elicited from more peripheral parts of the retina (Kuba 
& Kubovfi, 1992), which correlates well with the fact that 
the retinal periphery is more sensitive to motion than to 
pattern (e.g. Sekuler, 1975; Lennie et al., 1990). Second, 
Unlike the P] component of the pattern VEP, the nega- 
tive motion-onset peak is not dramatically affected in 
amblyopic patients and other subjects with reduced 
visual acuity (Kubovfi & Kuba, 1992; Kubovfi, Kuba, 
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FIGURE 3. Mean latencies (L) (+SD) of the Pl ((~) and N 2 (0) peaks in the motion-onset (A) and pattern-reversal VEPs 
(B) as a function of contrast [(C) plotted on a logarithmic scale], n = number of subjects in which the particular peak could 
be detected at the various contrasts used. 
Juran & Blakemore, 1995). Finally, although the P~ 
component  of all VEPs is largest in the midline lead, 
implying a striate origin (Maier, Dagnelie, Spekreijse & 
van Dijk, 1987), the negative motion-onset peak is 
maximal in leads over lateral occipito-temporai reas 
(G6pfert, Schlykowa & Mfiller, 1988; Kubovfi et al., 
1990; Kuba & Kubovfi, 1992). This might mean that the 
N2 peak arises from the equivalent of the motion- 
processing area MT (or V5) described in monkeys (see 
e.g. Movshon, 1990; Zeki, 1990). 
Positron emission tomography (PET) studies in man 
(Mora, Carman & Al lman, 1989; Corbetta, Miezin, 
A [.uV] 
14 
12 
10 
(A) Motion - onset VEP 
A ryv3 
14 
I I i  ,o 
, , , "O q 0 
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(B)  Pattern - reversal VEP 
II" 
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i | i i i 
96 64 25 9.0 KO 4.2 2.3 1.3 C r'*/,] 
FIGURE 4. Mean amplitudes in /~V (±SD) of the Pl (Q) and N 2 (0) peaks of motion-onset (A) and pattern-reversal (B) 
VEPs over the whole range of contrast. The amplitude of the N 2 peak in both types of VEP changes rather little as contrast 
is reduced, whereas the Pt peak is strongly contrast dependent, falling to by a factor of 2 in amplitude by a contrast of 9% 
and becoming undetectable at about 2% contrast in both motion-onset and pattern-reversal VEPs. 
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FIGURE 5. Comparison of VEPs for pattern-offset and high velocity 
motion-onset from Oz-A~+ 2 leads, at three different contrasts. Peak 
latencies (in msec) are indicated on the principal peaks. Note that the 
checkerboard stimulus moving with a velocity of 16 deg/sec (B) evokes 
a distinct positive peak resembling closely the main positive peak of the 
pattern-offset VEP (A). These positive peaks have similar contrast 
dependence. 
Dobmeyer, Shulman & Petersen, 1991; Zeki, Watson, 
Lueck, Friston, Kennard & Frackowiak, 1991; Watson, 
Myers, Frackowiak, Hajnal, Woods, Mazziotta, Shipp 
& Zeki, 1993) also point to an extrastriate area antero- 
lateral to the striate cortex as a focus of motion process- 
ing. Therefore, all the data available seem to indicate 
that the negative motion-onset peak can be attributed to 
a motion processing mechanism, probably fed by the 
magnocellular system. 
The behaviour of the negative peak of the pattern- 
reversal VEP is remarkably similar in its contrast 
dependence to that of the N2 component of the motion- 
onset VEP (as seen in Figs 3 and 4). We suggest, then, 
that this negativity in both types of VEP depends on a 
neural mechanism with high contrast sensitivity. This 
hypothesis is further supported by the fact that the 
negative peak of the reversal VEP is usually larger in the 
lead from the lateral occipital area, where the N2 peak 
of the motion-onset VEP also has its maximum. Indeed, 
in this lateral lead, pattern-reversal nd motion-onset 
VEPs are rather similar in appearance (Fig. 7). Both may 
derive from an extrastriate motion-sensitive area. Since 
the negative peak of the reversal response is of lower 
amplitude and less consistent than the negative peak of 
the motion-onset VEP, this conclusion is somewhat 
tentative. Nevertheless, it supports the hypothesis of 
a contribution of a movement detecting mechanism to 
the pattern-reversal VEP (Kulikowski, 1978; Spekreijse 
et al., 1985). 
loo 
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FIGURE 6. Pattern reversal VEPs at all contrasts tested, recorded from the midline lead, for three subjects (one for each 
column). The main positive P~ peak decreases gradually with contrast and is either very small (A) or cannot be distinguished 
at all [(B), (C)] at the lowest contrast ested, 1.3%. The following negative peak, if present (first and second columns) remains 
practically unchanged in amplitude with contrast. Peak latencies (in msec) are indicated on the principal peaks. 
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FIGURE 7. Comparison of pattern-reversal and motion-onset VEPs, for various contrasts, recorded in different leads for a 
single subject. Peak latencies (in msec) are indicated on the principal peaks. Whereas the two kinds of VEP differ substantially 
in the bipolar midline lead (Oz42z), they are rather similar in the right lateral occipital ead (OR-A ~ + 2), displaying a dominant 
negative peak at all contrasts. 
In contrast to the behaviour of the negative peaks, the 
positive peaks of the motion-onset and pattern-reversal 
VEPs are highly dependent on stimulus contrast and are 
undetectable at fairly low contrasts. They might then 
arise from the neurons in the striate cortex with input 
from the parvocellular pathway (e.g. Kaplan & Shapley, 
1982, 1986). Thus these positive peaks seem, from 
their contrast dependence, to be related to the pattern- 
processing system. 
This suggestion is further supported by comparison 
between VEPs for the onset of higher velocity motion 
and the pattern-offset VEP, which is dominated by 
a positive peak with a peak latency of 125msec 
(Spekreijse, Van der Tweel & Zuidema, 1973; Jeffreys, 
1977; Kriss & Halliday, 1980; Dagnelie, 1986; Toyonaga, 
Kakisu & Adachi Usami, 1986). In Fig. 5 we have 
shown that, for higher velocities of movement (as usually 
used by the Amsterdam group in studies of motion), a 
positive peak, very similar to that seen for pattern-offset, 
dominates the motion-onset response [presumably due 
to blurring Of the pattern at the onset of stimuli of high 
temporal frequency--see Kuba and Kubovfi (1992)]. 
Furthermore, the positive components in the pattern- 
offset and motion-onset VEPs have the same cortical 
origin, in area 17, as ascertained by means of dipole 
localization through principal component analysis 
(Maier et al., 1987). These results, together with the 
finding of the strong contrast-dependence of the positive 
peak described here, indicate that the positive motion- 
onset component originally suggested by the Amsterdam 
group to be motion related, may rather be associated 
with pattern offset (Kuba & Kubov~, 1992). 
Thus, our data do not confirm the view of the 
Amsterdam group that the typical VEP elicited by 
motion onset has a single positive peak. Therefore their 
conclusion that the pattern-reversal VEP consists of 
motion-onset/offset r sponses (Spekreijse et al., 1985) 
needs revision. The strong contrast dependence of the 
main positive peak of the reversal response shown in this 
study and others (e.g. Kakisu & Runne, 1984) supports 
the original hypothesis of Est6vez and Spekreijse 0974) 
that this peak is associated with an abrupt reduction 
in contrast and thus represents chiefly a pattern-offset 
response. In this respect both reversal and motion-onset 
stimuli of higher temporal frequencies (Kuba & Kubov&, 
1992) are rather similar because they both cause sudden, 
substantial local reduction of contrast, which results in 
positive peaks related to pattern-offset in the VEP. 
The remarkably constant amplitude of the N 2 com- 
ponent of both pattern-reversal and motion-onset VEPs 
is rather surprising. It implies that the neural generator 
of this component has a contrast threshold below 1.3% 
and saturates at extremely low contrasts. M cells in the 
primate retina and LGN do indeed have high contrast 
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gain compared with P cells and saturate at much lower. 
contrasts, but certainly not as low as 1.3% (Kaplan & 
Shapley, 1986; Purpura et at., 1988; Sclar et al., 1990). 
Some cells in MT have even steeper contras~response 
functions, but again they do not saturate at 1.3% 
contrast: indeed, few if any cells even reach threshold 
at such a contrast (Sclar et al., 1990). The basis of 
the contrast-independence of the N2 component is 
a mystery. We hope to cast some light on this by 
examining motion-onset VEPs at contrasts below 1% 
and seeing whether there is a relationship between the 
threshold contrast for eliciting the N 2 component 
and the psychophysical threshold for the detection of 
movement and its direction. 
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